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1. Introduction
　It is well known that calcium phosphate（Ca-P）bio-
materials, such as hydroxyapatite（HA）, tricalcium 
phosphate（TCP）and HA/TCP composite ceramics
（BCP or HT ceramics）, have been widely used as bone 
substitutes, because they have good biocompatibility 
and osteoconductivity1-22.  It has been demonstrated in 
recent research that Ca-P ceramics with certain charac-
teristics can induce osteogenesis after implantation in 
non-bony sites2-6，8，11，12，14，15，21，22.  Bone formation induced 
by Ca-P biomaterials at extra-skeletal sites without ad-
ditional osteoinductive agents, such as osteogenic cells 
and bone morphogenetic protein（BMP）, provided con-
clusive proof for osteoinductivity of the materials2-6，11，12，
14，15，35，37-39.  However, the mechanism of osteoinduction 
by Ca-P ceramics is still unclear.
　The incidental cases of Ca-P biomaterial-induced os-
teogenesis indicate the possibility of developing calcium 
phosphate biomaterials with intrinsic osteoinductive 
property15-18.  The material characteristics, such as po-
rous architectures with deﬁ ned size5-9，12，13，15-18，21-24, 
structure and shape15-18，31-35, and chemical component 
and crystallinity16-18，21，36，38, have been determined to 
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porous structure（micro-, macro- and micro/macro- porous structures）were implanted intramuscularly in 
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found in two kinds of ceramics with the same micro/macro- porous structure at both 3 and 6 months.  In con-
trast, no bone formation or host tissue invasion was detected in two other kinds of ceramics with only micro-
porous structure, even after 6 months implantation.  Some bone formation was found occasionally in two 
kinds of ceramics with only macro-porous structure at 6 months.  Bone tissue was usually formed in direct 
contact with the pore surface and was only located in non-dissolved porous regions.  Osteocyte lacunae were 
seen and no pathological calciﬁ cations were observed.  These results indicate that micro- and macro-porous 
structure play an important role in the osteoinduction with Ca-P ceramics.  Furthermore, the results showed 
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play important roles for osteoinduction with Ca-P ce-
ramics.  However, the details of the factors affecting os-
teoinduction are not clear yet.
　In our former studies5, we reported that porous com-
posite ceramics of HA and TCP induced bone formation 
when they were implanted into the muscles of rabbits 
for six months.  We then determined that porous struc-
ture（macro pore）was an important factor in ceramic-
induced osteogenesis.  At the same time, we found that 
maintenance of the porous structure after implantation 
was an important factor, too.  However, the optimal HA/
TCP ratio and structure of Ca-P biomaterial in ceramic-
induced osteogenesis are unclear.  Therefore, exploring 
the effect of Ca-P biomaterials on osteogenesis may as-
sist in developing new Ca-P ceramics to be used as a 
bone substitute24-39.  To date, limited information has 
been available concerning how different composition 
and structure of BCP ceramics may affect ectopic osteo-
genesis.  
　The purpose of this study was to compare the tissue 
responses to implants of BCP ceramics with different 
composition and different porous structure in rabbit 
muscle tissue, and to discuss the mechanism of osteoin-
duction by BCP porous ceramics. 
2. Materials and Methods
2.1 Preparation of HA/TCP ceramics
　Six types of BCP ceramic implants with different pore 
structure were prepared by NGK Spark Plug Co. Ltd.
（Nagoya, Japan）（Table 1）.  First, material powders 
were synthesized using calcium monohydrogen phos-
phate（CaHPO4 2H2O）and calcium carbonate（CaCO3）
as starting materials.  They were mechano-chemically 
mixed in aqueous solution, where the mixing ratio of 
the materials was changed to obtain two different HA/
TCP ratios of the ﬁ nal products, HA/TCP: 7/3（HT73）
and HA/TCP: 2/8（HT28）, which were dried and cal-
cined at 900℃.  The calcined materials were ground in 
ethanol and dried to obtain granules of the materials. 
　For the preparation of microporous（dense）implant, 
the granules were isostatically pressed at 0.5 ton/cm2, 
ﬁ red at 1,000-1,100℃ for 3 hr and implants B and F 
were obtained.
　For the preparation of macroporous or bimodal（mac-
ro- and micro-porous）implants, the above granules 
were isostatically pressed at 0.5 ton/cm2, crushed me-
chanically, and the large granules （180-425 μm）were 
collected by using sieves of 83 and 36 mesh.  Then, the 
collected granules was mixed with burnable organic 
spheres, and the mixture was molded and ﬁ red at 
1,000-1,150℃ for 3 hr to obtain implants A, C, E and G. 
Finally, we got 6 kinds of ceramics, that is, A : macro-po-
rous ceramics of HT73; B : micro-porous ceramics of 
HT73; C : macro- and micro-porous ceramics of HT73; 
E : macro-porous ceramics of HT28; F : micro-porous ce-
ramics of HT28, and G: macro- and micro-porous ce-
ramics of HT28（Fig. 1）.
　The ceramics used in the study were a rod of 5 mm
（diameter）and 10 mm（length）.  They were auto-
claved before using for implantation.  X-ray diffraction
（XRD）patterns of the six kinds of ceramics used are 
shown in Fig. 2 together with those for HA.  Scanning 
electron microscopy（SEM）observation of the implants 
showed their porous structure（Fig. 3）.
2.2 Animal experiments
　Twelve Japanese white rabbits were used in the ex-
Table 1　Six types of HA/TCP ceramics
Specimen Pore structure HA/TCP 
composition
Porosity rate
（macro-pore＋
micro-pore）
Size of 
macro-pore
（in diameter）
Size of 
micro-pore
（in diameter）
Size of interconnective 
part  of macro-pores 
（in diameter）
Compressive 
strength 
（MPa）
A
B
C
E
F
G
macro-porous
micro-porous
bimodal＊
macro-porous
micro-porous
bimodal＊
7/3
7/3
7/3
2/8
2/8
2/8
50%
20%
55%
45%
25%
55%
250μm
―
250μm
250μm
―
250μm
―
0.3μm
0.3μm
―
0.2μm
0.3μm
140μm
―
110μm
110μm
―
120μm
　6
 39
　4
 23
329
 13
＊bimodal : macro- and micro-porous
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periment.  The animal experiments were conducted ac-
cording to the Japanese regulations of Animal Welfare 
and approved by the Animal Experimental Ethical 
Committee of Shinshu University, School of Medicine
（No.02-63-012）.  Each rabbit received six kinds of im-
plant : A, B, C, E, F and G ceramics columns, which 
were placed in surgically created implantation sockets 
in the dorsal muscle of the rabbits. Surgery was per-
formed under general anesthesia with an intravenous 
injection of pentobarbital sodium（NembutalⓇ 25 mgkg
－1）and under aseptic conditions.  No prophylactic was 
administered postoperatively.  Rabbits were kept in 
Shinshu University Animal Laboratory with free access 
to dry pellets and water.  The animals were sacriﬁ ced 
with an overdose injection of pentobarbital sodium
（NembutalⓇ 50 mgkg－1）.  Six rabbits were killed at 3 
months after the operation, and 6 rabbits at 6 months. 
The implants were harvested along with the surround-
ing muscle tissues.
2.3 Histologic and microradiologic study
　Harvested implants were ﬁ xed in 10% buffered for-
malin after macroscopic observation, then they were de-
hydrated in serial alcohol solutions and embedded in 
polyester resin（RigolacⓇ）.  Serial sections of about 250 
μm in thickness were cut perpendicular to the long axis 
of the implants with a low-speed saw（Buehler Ltd., 
Evansron, IL）.  Sections were then ground to a thick-
ness of about 20 μm with an Exakt micro-grinding sys-
tem（EXAKT, Norderstedt, Germany）.  The sections 
were stained with 5% toluidine blue and examined with 
a light microscope.  Several sections from each implant 
were used to take a microradiograph with SOFRONⓇ
（SOFRON, Tokyo, Japan）.  Microradiographs were also 
studied with a light microscope.
2.4 Statistical analysis
　Statistical analyses were performed on prevalence of 
bone formation between specimens C and G using the 
Chi-square test.  Analysis was carried out using the 
StatViewⓇ software package for Macintosh（SAS Insti-
tute Inc., NC, USA）.  All p values less than 0.05 were 
considered to indicate statistical signiﬁ cance.
Fig. 1　Six kinds of HA/TCP implant are shown. HT73 
implants（HA to TCP ratio : 7 :  3）in（A）（left to 
right : implants A, B, C）, HT28 implants（HA to 
TCP ratio : 2 :8）in（B）（left to right : implants E, 
F, G）. The rough surface is seen in implants A, C, 
E and G, which indicates the implants with mac-
ro-pores ; the sleek surface is seen in implants B 
and F, which indicates the implants without mac-
ro-pore, that is, dense material.
Fig. 2　XRD patterns of the implant materials used in the 
study together with those of HA（HAP: hydroxy-
apatite ; TCP: tricalcium phosphate）.
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3. Results
3.1 Macroscopic evaluations
　None of the implant sites showed any infection or in-
ﬂ ammation at the time of harvest.  It was observed that 
each implant was surrounded by muscle and was far 
away from bone tissue. 
　Implants of A, B, C and F showed no change in shape 
or size 3 months and 6 months after implantation.  The 
surface of the implants was as smooth as before implan-
Fig. 3　SEM observation of HT28 implants. Three different porous structures are shown.（A）,（B）: implant E with macro-pores 
and no micro-pore（macro-porous material）;（C）,（D）: implant F with micro-pores only（micro-porous material ; 
dense）;（E）,（F）: implant G with macro- and micro-pores（macro- and micro-porous material）.（A）,（C）,（E）: origi-
nal magniﬁ cation ×30,（B）,（D）,（F）: original magniﬁ cation ×3000. Arrows in（A）and（E）indicate macro-pores. 
HT73 implants have the same porous structures seen in HT28 implants.
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tation and the porous structure was recognized clearly 
through surrounding thin muscle tissue.  On the other 
hand, E and G implants displayed a change in shape 
and size.  They became smaller than before implanta-
tion, and the surface became irregular.  In addition, the 
porous structure on the surface was difﬁ cult to see. 
These gross changes became more obvious at 6 months 
than at the 3rd month. 
3.2 Histology and microradiography 
　All of the sections showed that muscular tissue 
around implants was normal 3 or 6 months after im-
plantation.  There was a thin layer of ﬁ brous connective 
tissue between the implants and surrounding muscular 
tissue.
　Histology and microradiography clearly showed osteo-
genesis in C and G implants at both 3 and 6 months
Table 2　Summary of animal experiment
Specimens 3 months 6 months
Total Number
of Sections
Number of Sections
with Osteoinduction
Total Number
of Sections
Number of Sections
with Osteoinduction
A
B
C
E
F
G
52
58
49
44
30
48
 0
 0
38
 0
 0
14
50
52
58
48
49
73
 1
 0
42
 3
 0
25
Fig. 4　Histology of implants C and G.（A）: Implant C, 3-month implantation ;（B）: 
Implant C, 6-month implantation ;（C）: Implant G, 3-month implantation ;
（D）: Implant G, 6-month implantation. Bone tissue formation is seen in the in-
ner pores of the implant. In both implants, a seam of osteoblast-like cells（white 
arrows in（A））is sometimes seen in the front of the bone formation and osteo-
cyte lacunae are clearly recognized. Some adipoid tissues（arrow heads in（B）
and（D））are seen in the pores. In implant G, a large amount of degraded 
fragments（arrows）are seen in the periphery pores.（I : implant, b : bone tis-
sue ; undecalciﬁ ed sections, 5% toluidine blue stain, original magniﬁ cation :（A）
and（C） ×40;（B）and（D） ×20.）
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（Table 2）.  The newly formed bone tissue, which stained 
well, was seen in the pores in direct contact with the 
pore surface, and osteoblast-like cells were sometimes 
observed on the front of the bone tissues（Figs. 4, 5）. 
Osteocyte lacunae were clearly detected.  No pathologi-
cal calciﬁ cations were observed.  No cartiolage or chon-
drocyte was found in any of the histological sections. 
The amount of bone induced was different from section 
to section, and little bone formation was seen.  Bone for-
mation occurred only in the pores of the implants, and 
was not detected on the outer surface of the implants or 
in the soft tissues away from the implants. 
　The site of bone formation was different in C and G 
implants.  In C implants, new bone was only formed in 
the periphery pores of the implants.  However, in G im-
plants, bone formation was seen mostly in the pores of 
central regions.  Little bone formation was found away 
from the center, which was still a non-dissolved porous 
region（Figs. 4, 5）.
　In implants A and E, bone formation was only occa-
sionally observed at 6 months.  Bone formation was de-
tected in only 1 section of implant A and 3 sections of 
implant E. 
　In B and F implants, neither bone formation nor host 
tissue invasion was found at any time. 
　The statistical analysis of C and G sections was stud-
ied with the Chi-square test, and a signiﬁ cant difference
（p＜ 0.01）between C and G sections was shown when 
comparing the section numbers of bone formation（Ta-
ble 3）.  The order of the bone formation in section level 
was as follows : C ＞ G ＞ A&E ＞ B&F.  In both C and G 
implants, no signiﬁ cant differences were found in bone 
formation between the 3rd and 6th months.
　In all sections, E and G implants changed their 
shape, losing their original circular form.  The original 
porous structure was preserved only in the central part 
of the sections, and a large amount of free fragments 
was left in the periphery of the implants（Fig. 4（C）
（D）, Fig. 5（B）and Fig. 6（B））.  The dissolution dur-
ing the 6th month was more obvious than that during 
the 3rd month.  Only a little dissolution was found in A 
and C implants.  The porous structure of A and C im-
plants was almost perfectly preserved even 6 months 
after implantation.  Fibrous tissues, blood vessels and 
blood cells were found in the pores of implants A, C, E 
and G, and multinucleated cells were noticeable near 
Fig. 5　Microradiographs of implant C（A）and G（B）after 3-month implantation. 
Bone tissue is formed in direct contact with the pore surface. A large amount of 
free fragments（white arrows）is seen in implant G. Osteocyte lacunae are 
seen and no pathological calciﬁ cation is observed.（I : implant, b : bone tissue ; 
original magniﬁ cation ×40.）
Table 3　Number of sections with/without osteoinduction in C and G specimens
3rd month 6th month Total
with
osteoinduction
without
osteoinduction 
with
ostoinduction
without
osteoinduction
with
osteoinduction
without 
osteoinduction
C specimens
G specimens
38
14
11
34
42
25
16
48
80
39
27
82
P ＊p＜ 0.001（odds r 8.39） ＊p＜ 0.01（odds r 5.04） ＊p＜ 0.01（odds r 6.23）
＊There was a statistical signiﬁ cance（Chi-square test）. 
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small free fragments of the material or on the surface of 
the pore wall during both implant periods.  At 6 months, 
ﬁ brous tissues, blood cells and other cells decreased, 
and some adipocyte-like cells were seen in the pores of 
implants A, C, E and G（Fig. 4（B）（D）and Fig. 6（A）
（B））.  At both 3 and 6 months, the dissolution was 
higher or faster in E and G implants than in A and C 
implants, and no dissolution was found in B and F im-
plants.  The order of dissolution rates was as follows : G 
and E ＞ A and C ＞ B and F.  
4. Discussion
　Biocompatibility and osteoconductivity are two im-
portant properties of Ca-P ceramics as a bone sub- 
stitute1-22，31-33.  Although it was generally thought that 
Ca-P biomaterials are not osteoinductive24，28-30，39，40, cer-
tain Ca-P biomaterials were reported to induce bone in 
extraskeletal sites in recent years2-8，11-15，33-35，37-39.  Bone 
formation has been found in coral-derived HA ceramic, 
synthetic HA ceramic, biphasic calcium phosphate
（BCP）ceramic, TCP ceramic, calcium pyrophosphate 
ceramic and Ca-P cement in rabbits, goats, pigs, dogs, 
monkeys, baboons and even in humans2，5，8，11，15，26，35-39，42. 
However, despite these reports, it remains difﬁ cult to 
estimate the factors essential to ceramic-induced osteo-
genesis.  It is necessary to discern which factors are 
mainly responsible for the osteoinductive property of 
these materials.  With advances in ceramic technology, 
HA and TCP ceramics are widely used, because these 
materials are extremely biocompatible and have bioac-
tive property2，4-6，12-15，27，40.  HA and TCP ceramics have 
different chemical composition, solubility and crystal 
structures.  Neither of these ceramics is considered ide-
al as a bone graft material12，24-28.  Therefore, by control-
ling the HA/TCP ratio in the process of calcium phos-
phate synthesis, ideal BCP ceramics may be produced 
with reasonable solubility and biomechanical strength, 
and thus biomaterials better than either pure HA or 
TCP ceramics can be fabricated5-8，18，26-29，38-40.  However, 
it is unknown which HA/TCP ratio is the optimal ratio 
for bone formation. 
　We previously reported that three kinds of porous ce-
ramics with different HA/TCP ratio（HA to TCP ratio : 
7-3, 2-8 and 0-10）were implanted into the muscles of 
rabbits for 6 months5, and ectopic osteogenesis was 
found only in ceramics with a HA/TCP ratio of 7-3.  In 
this study, we employed the same experimental proce-
dures as those used in the former study to investigate 
how different composition and porous structure of BCP 
ceramics may affect ectopic osteogenesis. 
　Six kinds of materials were used in this study（Table 
1）.  Obvious bone formation was found only in ceramics 
C and G, while no bone formation could be detected in 
ceramics B and F both at 3 months and 6 months.  No 
bone formation was found in ceramics A and E after im-
plantation for 3 months, and a little amount of bone for-
mation was found incidentally in only 1 section of ce-
ramics A and 3 sections of ceramics E implanted for 6 
months.  Clear differences were shown in tissue re-
sponse among them.  The results obtained in this study 
demonstrated that osteoinduction with calcium phos-
phate biomaterials is dependent on not only the chemi-
cal composition, but also other factors, more precisely, 
micro- and macro-porous structure may play an impor-
tant role in osteoinduction.  Because ceramics C and ce-
ramics A, B（or ceramics G and ceramics E, F）had the 
Fig. 6　Histology of implants A（A）and E（B）after 6-month implantation. Some adi-
poid tissues（arrow heads）are seen in the pores of implants A and E, and free 
fragments（arrows）are seen in the periphery part of implant G.（I : implant ; 
undecalciﬁ ed sections, 5% toluidine blue stain, original magniﬁ cation ×20.）
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same chemical composition, the critical difference 
among them was porous structure（Table 1）.  Ceramics 
C and G had both micro- and macro-porous structures, 
but ceramics A and E had only macro-porous structure, 
and ceramics B and F had only micro-porous structure. 
So the key factor resulting in obvious bone formation in 
ceramics C and G could be the critical difference in po-
rous structure, micro-pores on macro-pore walls.  This 
ﬁ nding was in accordance with the reports by Yuan H et 
al.8，22，33 and Ripamonti35，36.  Yuan H et al.8 reported os-
teoinduction with two types of Ca-P ceramics that were 
similar in their chemical and crystallographic struc-
tures, but had different microstructures.  They conclud-
ed that micro-pores on macro-pore walls of these mate-
rials were important for osteoinduction of calcium 
phosphate ceramics.  Ripamonti35，36 emphasized the im-
portance of a three-dimensional conﬁ guration of the im-
plants in ectopic osteogenesis in his studies.  Further-
more, Fujibayashi et al.23 reported that even a metal 
that possesses no dissolution properties and contains no 
calcium and phosphorus can be an osteoinductive mate-
rial when made to possess speciﬁ c macrostructures.
　In this study, the result of the obvious bone formation 
induced by ceramics C and G indicated that osteoinduc-
tion occurred in ceramics C and G easier and earlier 
than in others, that is, the macro- and micro-porous 
structure in ceramics C and G was effective for osteo-
genesis. From the results, we can hypothesize that the 
distribution of micro- and macro-pores is necessary for 
material-dependent osteoinduction.  The macro-pores 
enable osteogenic cells, blood vessels and other tissues 
to invade.  The macro-pores are also good for bone de-
velopment and growth, that is, the macro porous struc-
ture is useful for tissue regeneration.  The micro-porous 
structure can successfully trap ions, osteogenic cells and 
osteogenic proteins such as BMPs, that is, the micro-po-
rous structure is useful for increasing osteogenic agents 
concentration and provides a suitable microenviron-
ment for osteoinduction25，33，37.  On the other hand, it 
was believed that the bone-like apatite layer formation 
and the protein adsorption on the material surface 
played critical roles in the ectopic osteogenesis8，43-46, in 
which the osteogenic precursor cells attached on materi-
al surface, aggregated, proliferated, differentiated, pro-
duced bone matrix and ossiﬁ ed47-49.  The interconnective 
macro- and micro-porous structure greatly enlarged the 
surface area for protein adsorption, so more proteins 
could be absorbed on the surface ; the larger surface 
area could also facilitate ion exchanges and bone-like 
apatite surface formation by dissolution and re-precipi-
tation process50.  More proteins absorbed on the pore 
surface and the more easily formed apatite layer may 
facilitate bone formation.  In the present study, new 
bone formation was observed only in the pores of the ce-
ramics C and G, and this result may indicate that osteo-
genic cells and agents can be successfully trapped in 
such macro- and micro-porous structure ; the threshold 
for speciﬁ c growth factors or ionic concentrations could 
be reached easily, and so osteogenesis could occur in the 
pores of the ceramics C and G.
　Ceramics A and E had only macro-porous structure, 
but bone formation was found occasionally at 6 months. 
We suggest that in ceramics A and E, which do not have 
micro-pores, less BMP or other osteogenic agents accu-
mulate thus requiring more time for BMP or other os-
teogenic agents to reach the threshold necessary to trig-
ger osteoinduction, resulting in little bone formation at 
6 months.  Yuan H et al.8 demonstrated that BMP and 
other osteogenic agents can induce bone formation in a 
dose-dependent manner, and there is a local threshold 
concentration of osteogenic agents necessary for trigger-
ing osteoinduction.  Porous Ca-P ceramics with micro-
pores can absorb large amounts of osteogenic agents.  It 
is possible that the necessary BMP threshold will never 
be reached in porous ceramics without micro-pores, in 
which case, no bone formation would be expected even 
after a long implantation time. 
　Besides porous structure, the dissolution or degrada-
tion of Ca-P ceramics may be another important factor 
inﬂ uencing their osteoinductive potential.  The dissolu-
tion rate of Ca-P biomaterials is related to their form, 
chemical composition, structures including macro-pores 
and micro-pores, and both chemical dissolution and cell-
mediated resoption were involved in the degradation 
process5，6，11，16，19，20，27，36-39, however few studies have ad-
dressed the effects of dissolution rate on tissue respons-
es.  In several reports over the past 20 years, two opin-
ions concerning the relationship of osteoinduction and 
dissolution of Ca-P biomaterials have emerged.  One 
opinion33，40，42 suggests that high degradability of TCP 
may be favorable in osteogenesis, because dissolution of 
TCP can provide an environment rich in Ca2＋ and PO43－ 
ions, which are needed for bone formation.  On the other 
hand, Lu J et al.41 reported that cellular damage oc-
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curred around implanted biphasic bioceramics in an in 
vitro and in vivo study.  They emphasized that during 
degradation of BCP ceramics, released particles could 
be difﬁ cult to degrade and cause cell death and tissue 
inﬂ ammation, and these particles in vivo could directly 
provoke the inhibition of cell proliferation and/or cell 
damage in/around the implantation site.  Yuan H et al.39 
concluded that the large amount of Ca2＋ and PO43－ ions 
produced by the rapid dissolution of TCP could be too 
great for cells to survive, and too much dissolved Ca2＋ 
and PO43－ may lead to a sharp change of the microenvi-
ronment and disturb the activity of the host cells. 
Therefore, no bone formation and only a little loose ﬁ -
brous tissue could be observed inside the pores in the 
case of fast dissolution of materials, whereas mild disso-
lution of the materials is favorable for osteogenesis. 
The results of this study were in accordance with the 
opinions of Yuan H and Lu J.  In this study, ceramics E 
and G contained more TCP than ceramics A and C and 
had higher or faster biodegradability.  However, obvious 
bone formation was found in ceramics C and G.  It 
seems that osteogenesis could not be inﬂ uenced by the 
different dissolution rate.  In regard to the site of bone 
formation, the difference between them indicated the 
relationship of osteogenesis with solubility.  In C ceram-
ics, bone formation was located in the peripheral pores 
of the implants, but in G ceramics, bone formation was 
seen mostly in the central part of the implants.  The dif-
ference in tissue responses between them could be the 
result of their different dissolution rates, and different 
dissolution rates could only be attributed to their differ-
ent HA to TCP ratio.  With higher dissolution rate, ce-
ramics G changed their shape, losing their original cir-
cular form, and the original porous structure was 
preserved only in the central part of the implants, so 
bone formation was seen mostly in the central regions 
of the implants.  A little bone formation was also found 
away from the center, where the non-resorbed portion 
was preserved.  Yet in ceramics C, only a little dissolu-
tion was found and the porous structure was almost 
completely preserved even 6 months after implantation. 
The peripheral portions of the implants C were nearer 
to the host tissues than the central part, so the thresh-
old for speciﬁ c growth factors or ion concentrations in 
the peripheral pores was reached more easily and 
quickly than in the central part, which could induce os-
teogenesis in the peripheral pores of implant C. 
　In addition, a signiﬁ cant difference（p＜ 0.01）be-
tween C and G sections was shown when comparing the 
section numbers of bone formation by statistics（Table 
3）, and more bone formation was detected in C materi-
als than in G materials.  In both C and G implants, no 
signiﬁ cant differences were found in bone formation be-
tween the 3rd and 6th month（Table 3）.  However, it 
would be incorrect to conclude that ceramics C is more 
osteoinductive than ceramics G.  These results are at-
tributed to the differences of bone formation in the sec-
tions, and yet we could not determine the total amount 
of bone in a cylinder, because we lost a large portion of 
the ceramics in the cutting and grinding procedures. 
Ceramics C was more advantageous than ceramics G in 
terms of osteogenesis, because ceramics C maintained 
the favorable original structure for induced osteogenesis 
after implantation, but ceramics G did not.
　In this study, the dense ceramics B and F with only 
micro-pores had a small dissolution rate.  The dense 
structure did not permit the process of granule disinte-
gration by the action of body ﬂ uid, and prevented the 
invasion of cells into the implants.  Therefore, neither 
bone formation nor host tissue invasion was found in-
side these ceramics at any time.
　From the results of our study, we hypothesize that the 
bimodal porous structure（macro and micro）plays an 
important role in Ca-P ceramic-induced osteogenesis, 
and the different dissolution rate caused by the differ-
ent chemical composition affects osteoinduction.  Our 
studies and other reports conﬁ rm that osteoinduc tion 
can be a property of calcium phosphates, and intrinsic 
osteoinductive property may be a function of them5，8，11，
20，22，24，33-39.  However, at present little is known about 
the mechanism of calcium phosphate-induced osteogen-
esis, and the true mechanism of osteoinduction by po-
rous calcium phosphate biomaterials is not understood, 
although many hypotheses could be postulated from our 
studies and other reports5，8，22-24，28-38.  To elucidate such 
questions, we must carry out further studies.
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